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^ (54) Title: POLYMERISATION PROCESS CATALYSED BY A BIDENTATE BISPHOSPHINE-GROUP VID METAL COM- 
PLEX 

00 

^ (57) Abstract: A process for the polymerisation and copolymerisation of olefins is disclosed, comprising contacting the monomelic 
— olefin under polymerisation conditions with a polymerisation catalyst or catalyst system which comprises (a) a source of a Group 
^ VIII metal; (b) a bidentate phosphine ligand having the formula (R'XR^P-X-PCR'XR 1 ), where each R 1 is independently selected 
from a phenyl group or a substitued phenyl group with the proviso that at least one of the R 1 groups is a phenyl group having at least 
one ortho substituent, and X is a bridging group of the structure- [NK-lP^-fN]- where x and y are independently 0 or 1. or -C(R 4 V 
where R 4 may be the same or different and is hydrogen or a monovalent hydrocarbyl. substituted hydrocarbyl or hetero-hydrocarbyl 
group; and optionally (c) a promoter. 
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polymer forms as a suspension in the liquid hydrocarbon diluent. These processes are 
generally operated at relatively low pressures (for example 1 0-50 bar) and low 
temperature (for example 50 to 150°C). 

In recent years the use of certain metallocene catalysts (for example 
5 biscyclopentadienylzirconiumdichloride activated with alumoxane) has provided catalysts 
with potentially high activity. However, metallocene catalysts of this type suffer from a 
number of disadvantages, for example, high sensitivity to impurities when used with . 
commercially available monomers, diluents and process gas streams, the need to use 
large quantities of expensive alumoxanes to achieve high activity, and difficulties in 
10 putting the catalyst on to a suitable support. 

EP 8501 05 A discloses that certain bidentate phosphine compounds based on a 
Group VIII metal are useful catalysts in the polymerisation of linear alternating 
copolymers of olefins and carbon monoxide (polyketones). 

Riehl, ACS Abstracts 1994, Vol 208 (part 1), 530 - INOR., discloses 
15 oligomerisation of ethylene using as catalyst a nickel salt of 1,2- 
bis(diisopropylphosphino)ethane. 

EP 569032 A discloses dimerisation of lower oc-olefins using as catalyst a nickel - 
salt of bisdiphenylphosphinomethane. 

WO 96/37522 and WO 96/37523 both disclose catalysts for olefin polymerisation 
20 comprising a Group VIII metal salt, a promoter and a bidentate phosphine ligand whose 
substituents may be phenyl or substituted phenyl. The highest activity shown in the 
Examples can be calculated as less than 1 g/mmol.h.bar. No ortho-substituted phenyl 
substituents are disclosed. 

We have now discovered that certain bidentate phosphine compounds having at 
25 least one phenyl substituent which has at least one ortho substituent are surprisingly 
active catalysts for the polymerisation of olefins. 

Accordingly the present invention provides a process for the polymerisation and 
copolymerisation of olefins, comprising contacting the monomeric olefin under 
polymerisation conditions with a polymerisation catalyst or catalyst system which 
30 comprises 

(a) a source of a Group VIII metal; 

(b) a bidentate phosphine ligand having the formula 
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-C(R - where each R< may be the 

hydrocarbyl, substirured h erem a " d ls Mrogen or a monovalent 

— y (c, a pr„r„ oter ^ " ^ and 

A Purred process comprises the seeps of 

a) preparing a prepolymer-based catalys, bv coma,,' 

catalyst system, and " S °" e ° r raore '"^ with a 

b) contacting the prepolynrer-based catalyst with on. 

wherein .he ca.alys, system is as denned 17 '"° ,efinS - 

ove tor the polymerisation of 1 -olefins 
In the text hereinbelow, ,he term "catalyst" is i„„ „ „ 

T as defined previously and also »nr * ,nC ' Ude 

■n. . Prepolymer-based catalyst" as define i. 

The polymerisation conditions can be for examn, , 
f P-ase or bu, k phase , ,,,„ po^j; eXamP,e ' S °' Ulro " *"» P-ase, 

5 +300-C, and at pressures ' ym ; nSa "° n -P-lures ranging from -,00«C to 

—e process condition ^ ^ ---"^ 
supercrirical ethylene Pref, k, u ^ """""""o™ as a melt in 

olefins and dienes, such as propyl I m e ^ ""^ ^ ** 

— ,-ocene, .^LT^r^""* 
.etradecne, ,-pen.adecene. ,-hexadecene , held ^ 
'-eioose„e,s,yre„e, 2 .b„,e„e, cyc , ohexe :' Ll ^ '-"°" ad — 

Other monomers include olefins „ h c r """"" '• 5 "'' eXadiene 

«M -hamate, merhy, ac^X^ " ^ ^ 3 ^ 

rylate, butyl achate, acrylonitrile, vinyl acetate, 2-viny,. 
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1,3-dioxolane, methyl 3-butenoate, methyl 4-pentenoate, co-undecyienyl alcohol, ethyl 
undecylenate, undecylenoic acid, fiinctionalised norbornenes and the like. Preferred 
monomers for homopolymerisation processes are ethylene and propylene. 

The catalysts and process of the invention can also be used for copolymerising 
ethylene or propylene with each other or with other olefins listed above but particularly 
1-butene, 1-hexene, 4-methylpentene-l, 1-octene, methyl methacrylate, methyl acrylate, 
butyl acrylate, acrylonitrile, vinyl acetate, styrene, methyl 4-pentenoate, co-undecylenyl 
alcohol, ethyl undecylenate, undecylenoic acid and functionalised norbornenes. 

The catalyst system described above is prepared by reacting together (a) a source 
of Group VIII metal, (b) a bidentate phosphine ligand having the formula as shown 
above, and optionally (c) a promoter. These components may be added together 
simultaneously or sequentially in any order in the presence or absence of monomer(s). 

As regards component (a), this is a Group VIII metal; the Group VIII metals are 
iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium, iridium and platinum. Iron, 
cobalt, nickel and palladium are preferred; particularly preferred is nickel and palladium; 
more particularly preferred is nickel. 

Component (a), which is the source of the Group VIII metal, can include simple 
inorganic and organic salts, eg halides, nitrates, carboxylates, acetyl acetonates and the 
like as well as organometallic and coordination complexes, eg. nickel bis(l,5- 
cyclooctadiene), ally! nickel halide dimer, 1 ,2-dimethoxyethane nickel dibromide and 
(1 ,5-cyclooctadiene)palladium methylchloride. 

As regards component (b), this is a bidentate phosphine ligand having at least two 
phosphorus atoms joined by a bridging group X which has the structure 

-[N]*-[P] y -[N]- 

where each of the N atoms which may constitute pan or all of the bridge between the 
said two phosphorus atoms are trivalent and the P atom that may constitute part of the 
bridge between the said two phosphorus atoms (i.e. y = 1) is trivalent or pentavalent. 
Where all the atoms in the bridge, whether N or P, are trivalent, two of the three bonds 
of each of the atoms that constitute the bridge are directed to adjacent atoms. The third 
bond can be directed to an adjacent atom in the bridge (to give a double bond in the 
bridge), but is more likely to be directed to a monovalent, preferably organic, group 
which is directly bonded to the respective bridge atom but which does not form part of 

4 
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the bridge itself 

Where y = 1, the phosphorus atom formine nart of th„ h -a 
be pentavalent in which case two of the bond, T ^ "** 

pan of the bridge The othe I T " ' * *" ^ *°™ t0 fo ™ 
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5 monova ent eroun, nr „r~f u, "ireciea to three 
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where R', R ! , R' x and y are defined above 

at least on ortho substituent "t hi u 8 ** " 3 ^ gf ° Up havin S 
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Adjacent substituents on R 1 groups may be linked together to form cyclic structures, for 
example two adjacent substituents, taken together, may be a -CH S - unit so as to form 
part of a cyclohexene ring, or may be a -C4H4- unit so as to form part of a benzene ring 
(and making R 1 a naphthylene group); substituents on adjacent R 1 groups may also be 
5 linked. 

2 . 

R is preferably hydrogen or a hydrocarbyl group, more preferably a Ci to C 6 
alkyl group, for example methyl or ethyl or an aryl group preferably phenyl or substituted 
phenyl. 

R 3 is preferably a hydrocarbyl group, heterohydrocarbyl or substituted 
10 hydrocarbyl, more preferably a C, to C 6 alkyl group. Alternatively, R 3 is an aryl group 
for example phenyl or substituted phenyl. 

As regards x and y, these are independently 0 or 1 . Preferably x and y are both 0 
in which case component (b) comprises a bidentate phosphine ligand having the formula 
(R'XR^P-NCRVPCR'XR 1 ) where R 1 and R 2 are as defined above. 
1 5 The 'igands can be prepared using procedures known to the man skilled in the art 

and disclosed in published literature. 

Examples of preferred compounds are 
(2-methylphenyl)(phenyl)PN(methyl)P(pheny!) 2 
(2-methylphenyl) 2 PN(methyl)P(phenyl) 2 
20 (2-methylphenyI)(phenyl)PN(methyl)P(2-methylphenyl)(phenyl) 
(2-methylphenyl) 2 PN(methyl)P(2-methylphenyl) 2 
(2-ethylphenyl) 2 PN(methyl)P(2-ethylphenyl) 2 
(2-isopropylphenyl) 2 PN(methyl)P(2-isopropylphenyl) 2 
(2,3-dimethylphenyl) 2 PN(methyl)P(2,3-dimethylphenyl) 2 
25 (2,4-dimethylphenyl) 2 PN(methyI)P(2,4-dimethylphenyI) 2 
(2,6-dimethylphenyl) 2 PN(methyl)P(2,6-dimethylphenyl) 2 
(2-methyl-6-isopropylphenyl) 2 PN(methyl)P(2-methyl-6-isopropylphenyI) 2 
(2,6-diisopropylphenyl) 2 PN(methyl)P(2,6-diisopropyIphenyl) 2 
(2,4,6-trimethyIphenyl) 2 PN(methyl)P(2,4,6-trimethylphenyl) 2 
30 (2-tertbutylphenyl) 2 PN(methyl)P(2-tertbutyIphenyl) 2 
(2-methoxyphenyl) 2 PN(methyl)P(2-methoxyphenyl) 2 
(2-trifluoromethylphenyl) 2 PN(methyl)P(2-trifluoromethylphenyl) 2 
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(2-phenyIphenyI) 2 PN( me thyl)P(2-phenylphenyl) 2 
(l-naphthyl) 2 PN(methyl)P(i. naphthyI)2 

(1,1 '-biphenyl) 2 PN( m ethyl)P(i, j '-biphenyl) 2 

(2-isopro P ylpheny]) 2 PN(butyl)P(2-isopropyI P henyI) 2 

5 ^- lso P-Pyiphenyl) 2 PN(phenyI)P(2-i S op r0 py|p h enyl) 2 
(2-,o P ropy, ph eny,) 2 P N(methyI)N(metW 

(2- I sop r o P y,p n eny 02 PN( m ethy,)P ( P h)N(metW 

Alternatively, component (b) can be a c ompound of formula ( 
(R )(R')P -C(R<)(R<). P(r . )(rI) 
10 where R'is as defined above and M rhp" u , 

R ls Preferably hydrogen or a C. m r .iu. i , 
or an aryl group C referah, M 8r ° UP ' eXM "* ! ™«M <* ethyl 

Examples of preferred compounds are 
(2-methyl p henyl)( p henyl)PCH 2 P( P henyl) 2 
(2-methylphenyl) 2 PCH 2 P(phenyl) 2 

0 ( 2 - me %'Phenyl)(phenyl)PCH 2 P(2-methylpheny^^ 
(2-methyl p henyl) 2 PCH 2 P(2-methylphenyl) 2 
(2-ethyl p henyl) 2 PCH 2 P(2-ethylphenyl) 2 

(2-isopropyI p henyl) 2 PCH 2 P(2-isopropyiphenyl) 2 

(2,3-dimethylphenyl) 2 PCH 2 P(2,3-di m ethylphenyI) 2 

' (2 ' 4 - dimethyI P hen y | ) 2 PCH 2 P(2,4-dimethylphenyl) 2 

(^e-dimethylphenyD.PCH^^-dimethylphenyl), 
(2- m e thy , 6 ^ 

(2,6-d 1I s 0p r 0p y 1 p henyl)2 p CH2P(26 . dj . sopropyipheny])2 

(2,4,6-tnmethylpheny I ) 2 PCH 2 P(2,4 > 6-trimethylphenyI) 2 
(2-tertbutylphenyI) 2 PCH 2 P( 2 -tertbutylphenyl) 2 
(2-methox yp henyl) 2 PCH 2 P(2- m eth 0 xyphe n yI) 2 

(2-trifl U or 0 methylph en yl) 2 PCH 2 P(2-trifluoromethylphenyl) 2 
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(2-phenylphenyl) 2 PCH 2 P(2-phenylphenyl) 2 
(l-naphthyl) 2 PCH 2 P(l-naphthyl) 2 
(1,1 '-biphenyl) 2 PCH 2 P( 1 , 1 '-biphenyl) 2 
(2-isopropylphenyl) 2 PC(phenyl) 2 P(2-isopropylphenyI) 2 
5 (2-isopropylphenyl) 2 PC(methyl) 2 P(2-isopropylphenyl) 2 

As regards component (c) which is a promoter; this may be any compound which 
generates an active catalyst with components (a) and (b). Component (c) is suitably 
selected from, but not limited to, organoaluminium compounds and organoboron 
compounds. Mixtures of promoter compounds may also be used. Suitable 
10 organoaluminium compounds include compounds of the formula A1R 3 , where each R is 
independently Ci-Ci 2 alkyl or halo. Examples include trimethylaluminium (TMA), 
triethylaluminium (TEA), tri-isobutylaluminium (TIBA), tri-n-octylaluminium, 
methylaluminium dichloride, ethylaluminium dichloride, dimethylaluminium chloride, 
diethylaluminium chloride, ethylaluminiumsesquichloride, 
15 methylaluminiumsesquichloride, and alumoxanes. Alumoxanes are well known in the art 
as typically the oligomeric compounds which can be prepared by the controlled addition 
of water to an alkylaluminium compound, for example trimethylaluminium. Such 
compounds can be linear, cyclic or mixtures thereof. Commercially available alumoxanes 
are generally believed to be mixtures of linear and cyclic compounds. The cyclic 
20 alumoxanes can be represented by the formula [R ,6 A10] S and the linear alumoxanes by 
the formula R 17 (R I8 A10) S wherein s is a number from about 2 to 50, and wherein R 16 , 
R 17 , and R 18 represent hydrocarbyl groups, preferably Ci to C* alkyl groups, for example 
methyl, ethyl or butyl groups. Alkylalumoxanes such as methylalumoxane (MAO) are 
preferred. 

25 In this context it should be noted that the term "alkylalumoxane" as used in this 

specification includes alkylalumoxanes available commercially which may contain a 
proportion, typically about 10wt%, but optionally up to 50wt%, of the corresponding 
trialkylaluminium; for instance, commercial MAO usually contains approximately 1 0wt% 
trimethylaluminium (TMA), whilst commercial MMAO contains both TMA and TIBA. 

30 Quantities of alkylalumoxane quoted herein include such trialkylaluminium impurities, 

and accordingly quantities of trialkylaluminium compounds quoted herein are considered 
to comprise compounds of the formula A1R 3 additional to any A1R 3 compound 
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incorporated within the alkylalumoxane when present When , ■ 
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bating compatible anion, areBF/ p Exa mp ,e sof „o„- 
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monomenc olefin under polymerisation conditions wi,h a „„, 
catalyst system which comprjses W " h a P°'ymensa„on ca,a. ysl „ r 

0) a compound of the formula (III) 
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J 00 a promoter 
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independently a monoanionic group or ligand; L 1 is independently a neutral group or 
ligand; each A is independently a weakly coordinating or non-coordinating anion with a 
formal negative charge of n; and Q is a bidentate phosphine ligand having the formula 
(R'XR 1 )? - X - P(R ! )(R ! ), where each R 1 is independently selected from a phenyl group 
5 or a substituted phenyl group, with the proviso that at least one of the R ! groups is a 
phenyl group having at least one ortho substituent, and X is a bridging group of the 
structure 

~[N]x-[P] y -[N]- where x and y are independently 0 or 1, or 

-C(R 4 ) 2 - where each R 4 may be the same or different and is hydrogen or a monovalent 
10 hydrocarbyl, substituted hydrocarbyl or hetero-hydrocarbyl group; 

p may have any value between 0 and m, and q is an integer between 0 and 4. For 
example, when m = 2 then p may be 0, 1 or 2. 

Examples of L are halide, acetate, acetyl acetonate, alkyl, heteroalkyl, allyl, hydride and 
the like. Examples of L 1 are an olefin, carbon monoxide, a phosphine, a solvent molecule 

15 such as water, diethyl ether, acetone, acetonitrile, and the like. Examples of A are BF 4 \ 
SbF 6 \ PF 6 \ triflate, aryl or alkyl borate, sulfate, phosphate and the like. When M is nickel 
or palladium, it is preferred that n = 1 and preferred values of p, q and m are 

p = 0, q = 2 and m = 0 
p = 1 , q = 1 and m = 2 

20 p = 2, q = 0 and m = 2 

and p = 0, q = 2 and m = 2 

In some cases, the L ligands, L 1 ligandsor L and L 1 ligands may be linked together to 
form bidentate or multidentate ligands. For some cases, for certain compounds of the 
above formula, a promoter compound may not be required. 

25 Certain compounds used in the process of the present invention are novel, and 

accordingly a further aspect of the invention comprises compounds of formula (IV): 
[(R'XR^P.X-PCR^CR^lNi-CL^CL'^A)^) (IV) 

wherein each R 1 is independently selected from a phenyl group or a substituted phenyl 
group with the proviso that at least one of the R 1 groups is a phenyl group having at least 
30 one ortho substituent; X is a bridging group of the structure 

-N(R 2 ) where R 2 is a hydrogen or hydrocarbyl group, or -C(R 4 ) 2 - where each R 4 may be 
the same or different and is hydrogen or a hydrocarbyl group; m is the formal oxidation 
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Irrespective of the polymerisation or copolymerisation technique employed, 
polymerisation or copolymerisation may be carried out under conditions that 
substantially exclude oxygen, water, and other materials that may act as catalyst poisons. 
However, some catalysts or catalyst systems utilised in the present invention exhibit 
good tolerance of such potential poisons, and polymerisation or copolymerisation may be 
carried out in the presence of oxygen, water or other potential poisons. Polymerisation 
or copolymerisation may also be carried in water as a diluent, either as a solution, 
suspension or emulsion. Other donor solvents may also be used as diluent, for example 
alcohols (for example methanol, ethanol, isopropanol), ethers (for example diethyl ether, 
tetrahydrofuran) and the like. Polymerisation or copolymerisation may also be carried 
out using crude olefin feedstocks as monomers, which may contain potential poisons. 

Also, polymerisation or copolymerisation can be carried out in the presence of 
additives to control polymer or copolymer molecular weights. 

The use of hydrogen gas as a means of controlling the average molecular weight 
of the polymer or copolymer may apply generally to the polymerisation process of the 
present invention. For example, hydrogen may be used to reduce the average molecular 
weight of polymers or copolymers prepared using gas phase, slurry phase, bulk phase or 
solution phase polymerisation conditions. The quantity of hydrogen gas to be employed 
to give the desired average molecular weight can be determined by simple "trial and 
error" polymerisation tests. 

Slurry phase polymerisation conditions or gas phase polymerisation conditions 
are particularly useful for the production of high or low density grades of polyethylene, 
and polypropylene. In these processes the polymerisation conditions can be batch, 
continuous or semi-continuous. Furthermore, one or more reactors may be used, e.g. 
from two to five reactors in series. Different reaction conditions, such as different 
temperatures or hydrogen concentrations may be employed in the different reactors. In 
the slurry phase process and the gas phase process, the catalyst is generally metered and 
transferred into the polymerisation zone in the form of a particulate solid either as a dry 
powder (e.g. with an inert gas) or as a slurry. This solid can be, for example, a solid 
catalyst system formed from the one or more of complexes of the invention and an 
activator with or without other types of catalysts, or can be the solid catalyst alone with 
or without other types of catalysts. In the latter situation, the activator can be fed to the 
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^ported on one or L, - f« P^se polymerisation is 

Sui,ab,e supper, ma e^s l fo ' * " S """" *° - > 0 '«°" zone. 
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exanrple, by filtration or evaporation^ „ ^ ^ *" 
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the polymerisation diluent Th* ™i F«waer or as a slurry m 

suspension in ,he polymerisa.ion diluen, Thenoh, • ■ P ° lymensa " on zo " e as a 
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wetgh, ,s ,„ conduct the polymerisation In the presence of hydrogen gas which acts as 
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chain transfer agent. Generally, the higher the concentration of hydrogen employed, the 
lower the average molecular weight of the produced polymer. 

In bulk polymerisation processes, liquid monomer such as propylene is used as 
the polymerisation medium. 
5 Methods for operating gas phase polymerisation processes are well known in the 

art. Such methods generally involve agitating (e.g. by stirring, vibrating or fluidising) a 
bed of catalyst, or a bed of the target polymer (i.e. polymer having the same or similar 
physical properties to that which it is desired to make in the polymerisation process) 
containing a catalyst, and feeding thereto a stream of monomer at least partially in the 

10 gaseous phase, under conditions such that at least part of the monomer polymerises in 
contact with the catalyst in the bed. The bed is generally cooled by the addition of cool 
gas (e.g. recycled gaseous monomer) and/or volatile liquid (e.g. a volatile inert 
hydrocarbon, or gaseous monomer which has been condensed to form a liquid). The 
polymer produced in, and isolated from, gas phase processes forms directly a solid in the 

1 5 polymerisation zone and is free from, or substantially free from liquid. As is well known 
to those skilled in the art, if any liquid is allowed to enter the polymerisation zone of a 
gas phase polymerisation process the quantity of liquid in the polymerisation zone is 
small in relation to the quantity of polymer present.. This is in contrast to "solution 
phase" processes wherein the polymer is formed dissolved in a solvent, and "slurry 

20 phase" processes wherein the polymer forms as a suspension in a liquid diluent. 

The gas phase process can be operated under batch, semi-batch, or so-called 
"continuous" conditions. It is preferred to operate under conditions such that monomer 
is continuously recycled to an agitated polymerisation zone containing polymerisation 
catalyst, make-up monomer being provided to replace polymerised monomer, and 

25 continuously or intermittently withdrawing produced polymer from the polymerisation 
zone at a rate comparable to the rate of formation of the polymer, fresh catalyst being 
added to the polymerisation zone to replace the catalyst withdrawn form the 
polymerisation zone with the produced polymer. 

For typical production of impact copolymers, homopolymer formed from the first 

30 monomer in a first reactor is reacted with the second monomer in a second reactor. For 
manufacture of propylene/ethylene impact copolymer in a gas-phase process, propylene 
is polymerized in a first reactor; reactive polymer transferred to a second reactor in 
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which ethylene or other comonomer is added. The result is an intimate mixture of . 
taotachc polypropylene chains with chains of a random propylene/ethylene copolymer A 
random copolymer typically is produced in a singie reactor in which a minor amount of a 
comonomer (typically ethylene, is added to polymerizing chains of propylene. 

Methods for operating gas phaae fluidised bed processes for making 
polyethylene, ethylene copolymers and polypropylene are well known in ,„ e an The 
process can be operated, for example, in a vertical cylindrical reactor equipped with a 
perforated distribution plate to support the bed and to distribute the incoming fluidising 
gas stream through the bed. The fluidising gas circulating through the bed serves ,o 
remove the heat of polymerisation from the bed and to supply monomer for 
polymerisation in ,h. bed. Thus the fluidising gas generally comprises the monomers) 
normally together with some inert gas (e.g. nitrogen or inert hydrocarbons such as 
methane, ethane, propane, butane, pentane or hexane) and optionally with hydrogen as 
molecular weigh, modifier. The ho. fluidising gas emerging from the ,op of the bed is 
led op„o„al,y through a velocity reduction zone (this can be a cylindrical portion of the 
reactor having a wider diameter) and, if desired, a cyclone and or filters to disentrain fine 
sohd particles from the gas stream The hot gas is then led to a heat exchanger «o 
remove a, leas, pan of the hea, of polymerisa.ion Ca.alys. is preferably fed 
con.,nuous.y or a. regular intervals ,o the bed. A, stan up of the process, the bed 
compnses fluidisable polymer which is preferably similar to the target polymer Polymer 
■s produced continuously within , he bed by the polymerisation of ( „ e mononler<s) 
Preferably means are provided to discharge polymer from the bed continuously or at 
regular .mervals to maintain ,he fluidised bed a, the desired heigh, The process is 
generally operated a, relatively low pressure, for example, a, ,0 ,„ 50 h„~ ,. 
temperatures for example, between 50 and 120 °C The temperature of ,he bed is 
mamtatned below ,he sintering temperature of the fluidised polymer to avoid problems of 
agglomeration. 

In the gas phase fluidised bed process for polymerisation of olefins the heat 
evolved by the exothermic polymerisation reaction is normally removed from the 
polymerisation zone (i.e. the fluidised bed) by means of the fluidising gas stream as 
descnbed above. The hot reactor gas emerging from the top of the bed is led through 
one or more heat exchangers wherein the gas is cooled. The cooled reactor gas, 
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together with any make-up gas, is then recycled to the base of the bed. In the gas phase 
fluidised bed polymerisation process of the present invention it is desirable to provide 
additional cooling of the bed (and thereby improve the space time yield of the process) 
by feeding a volatile liquid to the bed under conditions such that the liquid evaporates in 
5 the bed thereby absorbing additional heat of polymerisation from the bed by the "latent 
heat of evaporation" effect. When the hot recycle gas from the bed enters the heat 
exchanger, the volatile liquid can condense out. In one embodiment of the present 
invention the volatile liquid is separated from the recycle gas and reintroduced separately 
into the bed. Thus, for example, the volatile liquid can be separated and sprayed into the 

10 bed. In another embodiment of the present invention the volatile liquid is recycled to the 
bed with the recycle gas. Thus the volatile liquid can be condensed from the fluidising 
gas stream emerging from the reactor and can be recycled to the bed with recycle gas, or 
can be separated from the recycle gas and then returned to the bed. 

The method of condensing liquid in the recycle gas stream and returning the 

15 mixture of gas and entrained liquid to the bed is described in EP-A-0G89691 and EP-A- 
0241947. It is preferred to reintroduce the condensed liquid into the bed separate from 
the recycle gas using the process described in our US Patent 5541270, the teaching of 
which is hereby incorporated into this specification. 

When using the catalysts of the present invention under gas phase polymerisation 

20 conditions, the catalyst, or one or more of the components employed to form the catalyst 
can, for example, be introduced into the polymerisation reaction zone in liquid form, for 
example, as a solution in an inert liquid diluent. Thus, for example, the transition metal 
component, or the activator component, or both of these components can be dissolved or 
slurried in a liquid diluent and fed to the polymerisation zone. Under these 

25 circumstances it is preferred the liquid containing the component(s) is sprayed as fine 
droplets into the polymerisation zone. The droplet diameter is preferably within the 
range 1 to 1000 microns. EP-A-05 93083, the teaching of which is hereby incorporated 
into this specification, discloses a process for introducing a polymerisation catalyst into a 
gas phase polymerisation. The methods disclosed in EP-A-0593083 can be suitably 

30 employed in the polymerisation process of the present invention if desired. 

Although not usually required, upon completion of polymerisation or 
copolymerisation, or when it is desired to terminate polymerisation or copolymerisation 
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or at .east temporarily deactivate the catalyst or catalyst component of this invention the 
catalyst can be contacted with water, alcohols, acetone, or other suitable catalyst 
deact.vators a manner known to persons of skill in the art. 

In the polymers made according to the present invention, each polymer chain 
contams a C=C bond, preferably at its end. This double bond can be useful for further 
chem, cal modification . firanched ethyIene homopolymers ^ ^ ^ 

of the invention, and the degree of branching controlled. 

Depending upon the use of the polymer product, minor amounts of additives are 
ty P .cally incorporated into the polymer formulation such as acid scavengers 
ant,ox,dants, stabilizers, peroxides and the like. Generally, these additives are 
.ncorporated at levels of about 25 to 2000 pp m , typically from about 50 to about 1000 
ppm, and more typically 400 to 1000 ppm, based on the polymer. 

Examples of uses for polymer compositions made according to the invention 
-elude use to form fibres, exuded films, blown films, tapes, spunbonded webs 
moulded or thermoformed products, lubricants, additives and the like 

Fillers such as silica, glass fibers, talc, and the like, nucleating agents, and 
colourants also may be added to the polymer compositions as known by the art. 

The present invention is illustrated in the following Examples. 

EXAMPT.FS 

All manipulations were performed under anaerobic conditions unless stated 
otherw.se. Solvents and gases were dried and degassed by standard procedures 
Chem,cals were obtained from commercial suppliers (AJdrich Chemical Co or Strem 
Chenucals) unless stated otherwise. Methyl a.umoxane and modified methv, 
were obtained from Witco Chemical Co. Silica was obtained from Crossfield 
H (OEt 2 ) 2 tetraki S (bis-3,5-tnfluoromethylphenyl)borate was prepared according to 
literature procedures (Brookhart et al, Organometallics 1992, 1 1, 3920) Polymer 
molecular weights were determined by gel permeation chromatography (GPC) using a PL 
gel 2 x moced bed-D, 30 cm, 5 micron columns, trich.orobenzene eluent and a flow rate 
of KOml/min (nominal) at , 50°C using a refractive index detector. Polymer branching 
levels and comonomer incorporation were determined by 'H and "C NMR spectroscopy 
usmg sample solutions in p-xylene-d, 1 10 X or C 2 D 2 Cyi,2,4-trich.orobenzene at 
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130°C. 
Example 1 

Preparation of r2-isoDropvlphpn V l),P>J(mPth y np(2-isoDropvlDhenvn 

(2-isopropyIphenyl) 2 PN(methyl)P(2-isopropylphenyl) was prepared as follows: 
2-isopropylphenylmagnesiumbromide (prepared by treating magnesium turnings (9 g, 
0.375 mol) with 2-isopropyIbromobenzene (15 g, 0.075 mol) in tetrahydrofiiran, in the 
presence of one crystal of iodine) was added dropwise to a solution of PBr 3 (2.9 cm 3 , 30 
mmol) in diethyl ether. The solvent was removed under reduced pressure and P(2- 
isopropylphenyl) 2 Br was isolated, without further purification, in 70% yield. NEt 3 (10.9 
g, 0.1 mol) and NMeH 2 (2M solution in tetrahydrofiiran, 5.5 cm 3 , 1 1 mmol) were then 
added to the P(2-isopropylphenyl) 2 Br (22 mmol) in dichloromethane (80 cm 3 ) and the 
resulting mixture was heated under reflux for 24 hours. The solvent was removed under 
reduced pressure and the product was isolated as a white solid by repeated washing with 
methanol. The yield was 40%. 31 P{ 'H} NMR (CD 2 C1 2 ) 5 = 57 ppm. 
15 Example 2 

Preparation of f?-ethvlphenyiy PN(methvnPi2-ethvlnhenvn 

(2-ethylphenyl) 2 PN(methyl)P(2-ethylphenyl) was prepared by following a similar 
procedure as described for Example 1 only with the following differences: 2- 
ethylphenylmagnesiumbromide (prepared by treating magnesium turnings (9 g, 0.375 
mol) with 2-ethylbromobenzene (0.075 mol) in tetrahydrofiiran, in the presence of one 
crystal of iodine) was added dropwise to a solution of PBr 3 (2.9 cm 3 , 30 mmol) in diethyl 
ether. The solvent was removed under reduced pressure and P(2-ethylphenyl) 2 Br was 
isolated, without further purification. NEt 3 (10.9 g, 0. 1 mol) and NMeH 2 (2M solution 
in tetrahydrofiiran, 5.5 cm 3 , 1 1 mmol) were then added to the P(2-ethylphenyl) 2 Br (22 
25 mmol) in dichloromethane (80 cm 3 ) and the resulting mixture was stirred at ambient 
temperature for 24 hours. The solvent was removed under reduced pressure and the 
product was isolated as a white solid by repeated washing with methanol. The yield was 
70%. 31 P{ 1 H} NMR (CD 2 C1 2 ) 6 = 57 ppm. 
Example 3 

30 Preparation of (2.methvlph envn,PNfmeth v nPf2-methvlnhenvl-> 

(2-methylphenyl) 2 PN(methyl)P(2-methylphenyl) was prepared by following a 
similar procedure as described for Example 1 only with the following differences: 2- 
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methylphenylmagnesiumbromide (2M solution in diethyl ether 40 2 ml 80 4 ■ . 

added dropwise to a solution of PCK (3 5 ■ ml 4n , mm00 ^ 

or ru 3 (3 . 5 1 ml, 40.2 mmol) n diethyl ether an H 
resulting mixture was stirred for , few minutes y, . ^ the 

fixture of P(2-methylpheny,) 2 C, and P(2 " 2 , ^ ^ " ^ "* * 

c • . y '^' and P(2-methylphenyl) 2 Br was extracted fmm th. 

-ue - ndfflieredihroughacemeM| ^ 

MEt 3 (2.73 g, 27 mmol) and then NMeH /™ , 

y u men i\MeH 2 (2M solution n tetrahvdrofiiran -> 0-7 y*c 

<z.o« g, y mmol) in dich oromethan<» on m i\ j L 

a k- o^ethane (20 ml) and the resulting mixture was stirred at 

ambient temperature for a few minutes Th, ™i , 
r, ^ minutes. The solvent was removed in vacuo anH th~ 

3 product was isolated as a white solid hvr, f , ... 

d wnue sol,d by repeated wash ng with methanol Th» ■ u 
70%. -P('H} NMR (C D 2 C1 2 ) 5 = 58 Ppm . " ' ^ 

Examp le 4 

0. . 54 mo!) with 2-bromoa„iso,e (0 07 1 T maSneS1Um '"'"^ P ?& 

crysra, of iodine) was added dt " ,elrahydr0fi,ra "- " 

was added dropwise to a solution of PCK G 2 ml n n r. • 

."rahydrofcran (,00 m,) and ,he so.u«ion stirred fo, a fe " 
removed in vaeuo and a mix.ure of W2 Z " """"^ ^ "* 

was extract t u ^-""Ihoxyphenylfcci and PC-methoxyphenyOJBr 

.e,rahvdro fi , ' * mnK " > ^ NM *« 2 M «*— * 

MWn^ 2.27 ml, 4.5 mmo!) were added ,o ,he mixture of P(2- 

Z - (20 m» and ,e 

dr" r s,imd under reflux for a ^ ^ «*« - ~ , 

u 1^^,6-t nmethvlp hpnyij^pp^ 

PBr 3 (7.5 mmo,, 0.7 mL) was dissolved in tetrahydrofcran (20 mL) under a 
nitrogen atmosphere. The solution was cooled to 78°C anH ■ 

ooieo to -78 C and mes.tyl magnesium bromide 
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(supplied from AJdrich Chemical Co., 1.0 M in diethyl ether, 15 mmol, 15 mL) was 
added dropwise keeping the internal temperature below -50°C. The reaction mixture was 
warmed to room temperature (-20 min) and the solvent was removed in vacuo. Toluene 
(40 mL) was added to oily residue and the stirred slurry was heated to 90°C for 1 hour. 
The toluene supernatent was isolated by filtration and the solvent was removed to 
provide an off-white gum. 31 P NMR analysis showed the crude product to contain 
largely a single species (8 = 77.5 ppm) which was consistent with the desired 
bromophosphine compound. 

") (2,4,6-trimethvlDhenvn,P N(methvnP(2,4.6-trimethvlp hpny1) 2 

The (2,4,6-trimethylpheny!) 2 PBr compound (crude, prepared as detailed above : 
3.75 mmol) was dissolved in dichloromethane (20 mL) and triethylamine (2.8 mL) was 
added. Methylamine was added dropwise (2 M solution in tetrahydrofuran, 0.76 mL, 
1.52 mmol) and the mixture was heated to 40°C overnight. The solvent was removed in 
vacuo and methanol (20 mL) was added. The resulting off-white precipitate was isolated 
1 5 by filtration (900 mg, 1 05 %). 31 P NMR analysis of the crude showed evidence for the 
formation of the desired ligand (5 = 62 ppm) in approximately 30 % yield. The crude 
ligand was used in preparation of a nickel bromide complex described in Example 1 1 . 
Example 6 

Preparation of f2-isopropv1 phenvnoPCH,P(2-isopro P ylphenvn-> 

(2-isopropyIphenyl) 2 PCH 2 P(2-isopropylphenyl) 2 was prepared as follows: 
A solution of CI 2 PCH 2 PC1 2 (1.3 g, 6.0 mmol) in tetrahydrofuran (20 cm 3 ) was cooled to 
a temperature of -78°C and a solution of 2-isopropylphenyl lithium (32 mmol, which was 
freshly prepared by addition of n-BuLi to either 2-isopropylbromobenzene or 2- 
isopropylphenylmagnesiumhalide) in tetrahydrofuran or diethyl ether (20 cm 3 ) was added 
dropwise. After stirring at a temperature of -78°C for 60 minutes, the mixture was 
allowed to warm to ambient temperature and was stirred for a further 2 hours. The 
solvent was removed under reduced pressure, dichloromethane (100 cm 3 ) and water (60 
cm 3 ) were added and the mixture was transferred to a separation funnel. The organic 
layer was separated, dried over MgS0 4 , and filtered through a sinter. The solvent from 
30 the resulting solution was removed under reduced pressure to give an off-white solid. 

Trituration with methanol (2x10 cm 3 ) gave a fluffy white solid. The yield was generally 
found to be in the range 63 to 82%. 3, P{ 'H} NMR (CD 2 CI 2 ) 6 = -50 ppm 
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Example 7 

Preparation of ( ^trifluorom^^ 

(2-trifluoro me thylph e n y l) 2 PCH 2 P(2-trifluorom e thyl P henyl) 2 was prepared by 
follows a similar procedure to that described in Example 6 only with the following 
Terences: 2-trifluoromethyl P henyl lithium (32 mmol, which was freshly prepared by 
addrt.on of n-BuLi to 2-trifluoromethylbromobenzene) was used in place of 2- 
isopropy.phenyl lithium. The yield was genera.ly found to be in the range 60 to S0% 
, P{ 1 H}NMR(CD 2 Cl 2 )6 = -31 PP m. 

Examp le 8 

Preparation aO ^rime^^ 

(2 > 4,6-trimethyI P henyl) 2 PCH 2 P(2,4,6-trimethylphenyl) 2 was prepared by 
following a similar procedure to that described in Example 6 only with the following 
d.fferences: 2,4,6-trimethylphenyl lithium (32 mmol, which was freshly prepared by 
add.t.on of n-BuLi to 2,4,6-trimethylphenylmagnesiumbromide) was used in place of 2- 
.sopropylphenyl lithium. The yield was generally found to be in the range 40 to 70% 
31 P{ 'H> NMR (CD 2 C1 2 ) 5 = -3 1 .5 ppm 
Example 9 

Preparation of n-naphthyiy p q^Pd-naDhthvl) , 

(l-naphthyl) 2 PCH 2 P(,-naphthyl) 2 was prepared by following a similar procedure 
to that described in Example 6 only with the following differences: 1-naphthy. lithium 
(32 mmol, which was freshly prepared by addition of n-BuLi to 1 -bromonaphthy.ene) 
was used ,n place of 2-isopropylphenyl lithium. The yield was generally found to be in 
the range 40 to 70%. » P{ ' H} NMR (C D 2 CI 2 ) 8 = -46.5 ppm. 
Examp le 10 

Pre paration of r( ?-isopropMph enyD 2 PNf methvnPn.i^p ron^phe^i^i^B^ 

The mesityl PNP ligand prepared in Example 1 (565 g/mole; 283 mg; 0.5 mmol) 
and NiBr 2 .DME (309 g/mole; 1 55 mg; 0.5 mmol) were weighed into a Schlenk tube and 
dry d 1C hloromethane (40 mL) was added. A deep purple solution was formed and the 
reacnon was stirred at room temperature overnight. The solvent was removed under 
vacuum and the purple oily solid was washed with pentane (2x10 mL). The resulting 
purple powder (320 mg, 82 %) was dried under vacuum. » P NMR analysis showed a 
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single signal at 5 45 ppm. 
Example 1 1 

Preparation of rf2.4.6 -trimethvlphenvn 2 PN(methvnP(2.4.6-trimethvlphenvl > ) 2 1NiBr 2 
The crude mesityl PNP ligand prepared in Example 5 (27 mg) and NiBr 2 .DME (309 
5 g/mole; 13 mg; 0.042 mmol) were weighed into a Schlenk tube and dry dichloromethane 
(10 mL) was added. The stirred mixture was heated to 40°C for 10 minutes and a purple 
solution was formed. The reaction was cooled to room temperature and stirred for a 
further 2 hours. The reaction was filtered to remove insolubles, and the filtrate was 
evaporated. The purple oily residue was washed with hexane (2 x 20 mL). The resulting 
10 purple powder was dried under vacuum. 31 P NMR analysis showed a single sharp signal 
at 6 40.4 ppm which was consistent with the desired complex. 
Polymerisations 
Example 12 

Cold (-78°C) toluene (50 ml) was added to a Schlenk vessel charged with (2- 
15 isopropylphenyl) 2 PN(methyl)P(2-isopropylphenyl) 2 as prepared in Example 1 (5.5 mg, 

0.01 mmol), nickel bis(l,5-cyclooctadiene) (2.8 mg, 0.01 mmol) and IT(OEt 2 )[(bis-3,5- 
trifluoromethyl)phenyl]borate (10.3 mg, 0.01 mmol). This solution was stirred for 15 
minutes during which time it was allowed to warm to 0°C. The solution was then 
degassed under reduced pressure and the Schlenk vessel was then back-filled with an 
20 atmosphere of ethylene. The polymerisation was run for 1 hour at ambient temperature 
during which time the catalyst solution was stirred vigorously and left open to a supply of 
ethylene at 1 bar pressure. The run was terminated by the addition of dilute aqueous 
HC1, and the resultant polymer isolated by filtration, washed with acetone and dried in 
vacuo to yield a white powder. The mass of polyethylene recovered was l.Og. The 
25 activity of the catalyst was 100 g/mmol.h. The molecular weight of the polymer was Mw 
(weight average molecular weight) = 120000, Mn (number average molecular weight) = 
32000, PDI (polydispersity index) = 3.7. The number of branches in the polymer was 
(branches per 1000 carbons) methyl = 2.2, ethyl = 0.2, longer than ethyl = 0.3. 
Example 13 

30 A polymerisation was performed in substantially the same way as Example 12 

only (2-ethylphenyl) 2 PN(Me)P(2-ethylphenyl) 2 (0.01 mmol) as prepared in Example 2 
was used instead of (2-isopropylphenyl) 2 PN(Me)P(2-isopropylphenyl) 2 . The mass of 
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polyethylene recovered was 0.5 g. The molecular weight of the polymer was Mw = 9000 
Mn 4000, PDI - 2.2. The number of branches in the polymer was (branches per 1000 ' 
carbons) methyl = 8.5, ethyl =1.1, l onge r than ethyl = 1 .9. 
Examp le 14 

5 A polymerisation was performed in substantially the same way as Example 1 2 

only (2-me,hylphenyl) 2 PN(Me)P(2-me,h y ,phe„yl) ! (0.01 mmol) as prepared ,„ Example 3 
was used instead of (2-isopro P yl pt ,eny,) I PN ( Me)P(2-,sopropylphe„y,) 2 The mass of 
polyethylene recovered was 0.6 g. The molecular weigh, of the polymer was Mw - 
23000, Mn = 9000. PD, - 2.5. The number of branches in the polymer was (bmnches 
10 per 1000 carbons) methyl = 7.7. 
Example 1 5 

A polymerisation was performed in substantially the same way as Example 12 
only (2-isopropyl P henyl) 2 PCH 2 P(2-isopropy.phenyl) 2 (0.01 mmol) as prepared in 
Example 6 was used instead of (2-iso P ropylpheny.) 2 PN(Me)P(2-isopropy.pheny.) 2 and 
* -> after termination by the addition of dilute aqueous HC1, the organic fraction was isolated 
and toluene removed under reduced pressure to yield polyethylene as a viscous oil/paste 
The mass of polyethylene recovered was 0.9 g. The activity of the catalyst was 90 
g/mmol.h. The molecular weight of the polymer was Mw = 1 500, Mn = 1 1 00 PDI = 1 4 
The number of branches in the polymer was (branches per 1000 carbons) methyl =18 0 
20 ethyl = 4.0, longer than ethyl = 0.6 
Example 16 

A polymerisation was performed in substantially the same way as Example 12 
only (2-trifluoromethyl P henyl) 2 PCH 2 P(2-trifluoromethy.pheny.) 2 (0.01 mmol) as prepared 
m Example 7 was used instead of (2-isopropylphenyl) 2 PN(Me)P(2-isopropylphenyl) 2 and 
a~er te.uunation by the addit.on of dilute aqueous HC1, the organic fraction was isolated 
and toluene removed under reduced pressure to yield polyethylene as a viscous oil/paste 
The mass of polyethylene recovered was 1.2 g. The activity of the catalyst was 120 
g/mmol.h. The molecular weight of the polymer was Mw = 1900, Mn = 500 PDI = 38 
The number of branches in the polymer was (branches per 1000 carbons) methyl = 45.0, 
ethyl - 22.5, longer than ethyl = 9.2. 
Example 1 7 

A polymerisation was performed in substantially the same way as Example 12 
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only (2,4,6-trimethylphenyl) 2 PCH 2 P(2,4,6.trimethylphenyl) 2 (0.01 mmol) as prepared in 
Example 8 was used instead of (2-isopropylphenyl) 2 PN(Me)P(2-isopropylphenyl) 2 . The 
mass of polyethylene recovered was 0.4 g. The molecular weight of the polymer was Mw 
= 686000, Mn = 148000, PDI = 4.8. 
5 Example 18 

A polymerisation was performed in substantially the same way as Example 12 
only (l-naphthyl) 2 PCH 2 P(l-naphthyl) 2 (0.01 mmol) as prepared in Example 9 was used 
instead of (2-isopropylphenyl) 2 PN(Me)P(2-isopropylphenyl) 2 and after termination by the 
addition of dilute aqueous HCI, the organic fraction was isolated and toluene removed 
10 under reduced pressure to yield polyethylene as a viscous oil/paste. The mass of 

polyethylene recovered was 0.2 g. The molecular weight of the polymer was Mw = 9500, 
Mn = 1900, PDI = 5.1 The number of branches in the polymer was (branches per 1000 
carbons) methyl = 19.0. 
Example 19 

15 A polymerisation was performed in substantially the same way as Example 12 

only 1-hexene (5 ml) was added at the beginning of the polymerisation. The mass of 
ethylene/hexene copolymer recovered was 0.5 g. The number of branches in the polymer 
was (branches per 1000 carbons) methyl = 2.0, butyl = 5.7. 
Example 20 

20 Toluene (50 ml) was added to a Schlenk vessel charged with (2- 

isopropylphenyl) 2 PN(methyl)P(2-isopropylphenyl) 2 as prepared in Example 1 (5.5 mg, 
0.01 mmol) and nickel bis(acetylacetonate) (2.6 mg, 0.01 mmol). This solution was 
stirred for 10 minutes at ambient temperature and then a toluene solution of 
methylalumoxane (MAO) was added via syringe (1.4 ml, 10% w/w solution in toluene, 

25 2.0 mmol, 200 equivalents). The solution was then degassed under reduced pressure and 
the Schlenk vessel was then back-filled with an atmosphere of ethylene. The 
polymerisation was run for 30 minutes at ambient temperature during which time the 
catalyst solution was stirred vigorously and left open to a supply of ethylene at 1 bar 
pressure. The run was terminated by the addition of dilute aqueous HC1, and the 

30 resultant polymer isolated by filtration, washed with acetone and dried in vacuo to yield a 
white powder. The mass of polyethylene recovered was 4.1 g. The activity of the catalyst 
was 820 g/mmol.h. The molecular weight of the polymer was Mw = 98000, Mn = 
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<oooo, m - «. The number of branches in , hc pQiyraer ^ (branches 

carbons) me.hyl » 1.3.ethyl- 1.8, longer .tan ethyl -0.7. 
Examp le 2 1 

5 on, rr A K P0 T eriSa,i0n Perf ° med m lhe — «y as Example 20 

only lOsohutylMlO], (2.0 mmol) „ as used instead of MAQ A ^ > 

polyethylene was recovered. 
Examp le 22 

A polymerisation was performed in substantially the same way as 
only mod.fled.MAO (2.0 mmo„ was used instead of MAO. A smal, amount of 
u polyethylene was recovered. 
Examp le 

Toluene (50 ml) was added ,„ a Schlenk vessel charged with [<2- 
.opropylphenyl.PN^thyl^.isopropylphenylMNiB,. prepared in Example I (S 0 
mg, 0.0, mmol). A toluene solution of methylalumoxane (MAO) was then added via 

rr 7 m1, 7 ww soiu,ion in ,o,uene - 20 mm °>- 200 — >• * «*- 

was then degassed under reduced pressure and the Schlenk vessel was then back-filled 
wuh an atmosphere of e,hy,e„e. The polymerisation was ™ for 30 minutes a, ambient 
mperature unng which .i me .he ca,al ysl solution was s.irred vigorously and lefl open 
* ° f e ' h> " ene « ' b " ~- ™e nun was terminal by the addition of 
ddute aqueous HCI, and .he resultant polymer isolated by filtration, washed with acetone 
and dned ,„ vacuo to yield a white powder The mass of polyethylene recovered was 3 0 
g. The activity of .he catalyst was 600 g/mmol.h. 
Examp les 74 

Toluene (10 ml) was added ,o a Schlenk vessel charged with (2- 
,opropy,pta„y 1)jPN(melhyl)p(2 , sopropy|pheny|)2as prepare(j ^ _ 

0.0, mmo„ and nicke, b,s(ac«y,a«,ona t e, (2.6 ntg, O.O.mmo,). This so,u.ion was 
sfrred for , 0 minutes at ambien, temperature and then a toluene solution of 
methylalumoxane (MAO) was add* via syringe <„ ml , 10% w/w ^ h to|uene 

mn.o,, 200 e q uiva,e„.s, This solution was then injected into a 500 m, stainless steel 
autoclave which was previously pressurised ,o 8 barg ethylene and heated to 50 «C and 
comamed .sobutane as diluent. The polymerisation was run for , hour during wbich time 
ethylene was fed on demand and .empera.ure was maintained a, 50 X The ton was 
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terminated by venting of volatiles and the resultant polymer washed with dilute aqueous 
HC1 and acetone and dried in vacuo. The mass of polyethylene recovered was 22.3 g. The 
molecular weight of the polymer was Mw = 65000, Mn = 17000, PDI = 3.8. The number 
of branches in the polymer was (branches per 1000 carbons) methyl = 1.5, ethyl = 0.3, 
5 longer than ethyl = 0.4. 

Supported Catalyst Preparations 
Preparation of MAO on ES70X 

Toluene (200 mL) was added to a vessel containing silica (ES70X grade, 
calcined at 200°C overnight, 20. 5g after calcination) under an inert atmosphere. The 
10 slurry was mechanically stirred and MAO (1.5 M, 62. 1 mmol, 41 .4 mL) was added via 
syringe. The mixture was stirred for 1 hour at 80°C before removing excess toluene and 
drying under vacuum to obtain 15% w/w MAO on silica in quantitative yield. 
Example 25 - supported [(2-isopropvlphenvn 2 PN(methvnPf2-isopropvlphenvn2l Nickel 
complexes 

1 5 Method A - r(2-isopropvlphenvn 2 PN( r methvnP(2-isopropvlphenvn 2 ]NirBr > >2 : 

The PNP nickel complex prepared in Example 10 (40 nmol) was mixed with 
MAO/ES70X silica (1 .0 g, prepared as described above, 1 5 % w/w MAO on silica) and 
toluene (20 mL) was added. The mixture was shaken thoroughly and the solid particles 
were allowed to settle forming an orange-coloured solid beneath the colourless toluene 

20 supernatent. The supported catalyst slurry was used directly in subsequent 
polymerisation examples (See Table 1 ). 

Method B - [f2 -isopropvlphenvn 2 PN(methvnPf2->isopropvlphenvn2lNi(acac > >2 (acac = 
acetvlacetonate> : 

The PNP ligand prepared in Example 1 (40 |amol, 23 mg) was mixed with 
25 Ni(acac) 2 (40 [imol, 10.4 mg) and toluene (20 mL) was added. The mixture was heated 
briefly to about 50°C and a purple-coloured solution was formed. MAO/ES70X silica 
(10 g, prepared as described above, 1 5 % w/w MAO on silica) was added. The mixture 
was shaken thoroughly and the solid particles were allowed to settle forming an orange- 
coloured solid beneath a colourless toluene supernatent. The supported catalyst slurry 
30 was used directly in subsequent polymerisation examples (See Table 1). 

Example 26 - su pported r^-ethvlphenvn.PNrmethvnPq-ethvlphenvl^lNiracac^ (acac = 
acetvlacetonate^ 
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The PNP iigand prepared in Example 2 (40 M mol. 20 4 mg) was mixed with 
N^acae), (40 H mol, ,0.4 m g ) and toluene (20 mL) „ as added. The mixture was heated 
bnefly to about 50°C and a purple-co.oured solution was formed. MAO/ES70X silica 
(1 0 g, prepared as described above, 1 5 % w/w MAO on silica) was added. The mixture 
was shaken thorough., and the solid panicles were allowed to settle forming an orange- 
coloured solid beneath a colourless toluene supernatant. The supported catalyst slurry 
was used directly in subsequent polymerisation examples (See Table I ) 
Example 27 - supported r(?-m»-thylpl r n Y l 1 ,P N (me,hvriP». m .,K v lr ,.- 1 ., ) 
(acac = ac etvlacetonatfi) 

The PNP ligand prepared in Example 3 (40 M mol, 18 mg) was mixed with 
NtCacac), (40 *mol, 10.4 mg) and toluene (20 mL) was added. The mixture was heated 
bnefly to abou, 50'C and a colourless solution was formed. MAO/ES70X silica (I 0 g 
prepared as described above, 1 5 % w/w MAO on silica) was added. The mixture was' 
shaken thoroughly and .he solid particles were allowed to settle forming an orange- 
coloured solid beneath a colourless toluene supernatent. The supported catalyst slurry 
was used directly in subsequent polymerisation examples (See Table 1) 
Example 28 - supported fp mrpy, . Ilm ^n**^^*-^ *.^^ 
iacac = acetvlacetonato) 

The PNP ligand prepared in Example 4 (40 pmol, 2 1 mg) was mixed with 
Nttacac), (40 ,0.4 mg) and toluene (20 mi) was added. The mixture was heated 

bnefly to abou, 50°C and a purple-coloured solution was formed. MAO/ES70X silica 
(1.0 g, prepared as described above, , 5 % w/w MAO on silica) was added. The mixture 
was shaken thoroughly and the solid particles were allowed ,o settle forming an orange- 
coloured solid benea,h a colourless toluene supernatent. The supported catalyst slurry 
was used directly in subsequent polymerisation examples (See Table I ) 
Example ?9 ■ supported r/7 4 ^^ i^yip,, „ fe 
trimethvlph-nvl)-P-t;fP r ^ 

The PNP nickel complex prepared in Example 1 1 (785 g/mol, 54 pmol 42 mg) 
was mixed with MAO/ES70X silica (1 .0 g. prepared as described above ,5 % w/w 
MAO on silica, and toluene (20 mL) was added. The mixture was shaken thoroughly and 
the solid particles were allowed to settle forming an orange-coloured solid beneath the 
colourless toluene supernatent. The supported catalyst sluny was used directly in 
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subsequent polymerisation examples (See Table 1). 
Supported Polymerisations 

Examples 30-35 : Sup ported catalyst system, homopolvmerisation 

Results for Examples 30-35 are presented in Table 1 . A general procedure for 
5 supported homopolymerisations is given as follows : 

The reactor (1L) was heated under flowing nitrogen for 1 hour at 90°C before 
being cooled to 30°C. Isobutane solvent (500 mL) was added. The reactor was sealed 
and heated to 50°C; ethylene was admitted such that the total pressure was increased by 
8 bar. In a separate vessel, a slurry of supported catalyst in toluene (prepared according 
10 to the relevent Example as described in Table 1 containing 40 pimol Ni was shaken and 
injected directly into the reactor under pressure. The reaction was allowed to proceed for 
the time described in Table 1 before terminating the polymerisation by shutting off the 
ethylene supply and venting the reactor pressure. Recovered polymer was dried 
overnight under vacuum, before weighing and submitting for analysis. 
15 Table 1 - Examples 3 0 -35: ethylene homo-polvmerisation 



Example 


Complex 
Example No. 


Time 
min 


Activity Mw 
g/mmol.h 


Mn 


PD 


Branches / 
1000 c 


30 


25A 


60 


210 


62000 


2700 


23 


6.5 


31 


25B 


70 


225 


73000 


7300 


10 


1.8 


32 


26 


95 


24 


96000 


700 


143 


28.1 


33 


27 


80 


7 


55000 


400 


143 


47.1 


34 


28 


60 


143 


177000 


2500 


70 


4.6 


35 


29 


60 


2 


363000 









Example 36 - Supported catalyst system copolvmerisation with hexene 

The reactor (1L) was heated under flowing nitrogen for 1 hour at 90°C before 
being cooled to 30°C. The reactor was charged hex-l-ene (125mL) and isobutene (375 
mL). The reactor was sealed and after heating to 50°C, ethylene was admitted such that 
the total pressure was increased by 4 bar. In a separate vessel, a slurry of supported 
catalyst in toluene (prepared according to Example 25B) containing 40 umol Ni was 
shaken and injected directly into the reactor under pressure. The ethylene uptake was 
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monitored for 90 min, before terminating the polymerisation by shutting off the ethylene 
supply and venting the reactor pressure. Recovered polymer was dried overnight under 
vacuum, before weighing and submitting for analysis. 1 .0 g of polyethylene was isolated 
g.v,ng an average activity of 17 g/mmol.h. ' H NMR analysis shows 4 Me branches / 
1000 C atoms and 1 1 Bu branches / 1000 C. 
Example 37 

A polymerisation was performed in substantially the same way as Example 12 
only 1 bar propylene was used instead of ethylene. A small amount of polypropylene 
was recovered. 
Examp le 3S 

A polymerisation was performed in substantially the same way as Example 20 
palladium(II) acetate (0.01 mmol) was used instead of nickel bis(acetylacetonate) and a 
solution of tris(pentafluorophenyI)borane (0.2 mmol, 20 equivalents) in toluene (5 ml) 
was used instead of MAO. The polymerisation was run for 20 hours. A small amount of 
polyethylene was recovered. 
Example 39 

A polymerisation was performed in substantially the same way as Example 12 
only the toluene solvent was not dried and degassed prior to use. The mass of 
polyethylene recovered was 1.0 g. 
Example 40 

A polymerisation was performed in substantially the same way as Example 12 
only water (5 ml) was added at the start of polymerisation and the polymerisation was run 
for 5 hours. The mass of polyethylene recovered was 0.4 g. 
Example 4 1 

A polymerisation was performed in substantially the same way as Example 12 
only diethyl ether was used as solvent instead of toluene. The mass of polyethylene 
recovered was 0.6 g. 
Examp le 47 

A polymerisation was performed in substantially the same way as Example 12 
only methanol was used as solvent instead of toluene. The mass of polyethylene 
recovered was 0.4 g. 
Example 41 
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A polymerisation was performed in substantially the same way as Example 12 
only co-undecylenyl alcohol (5 ml) was added at the start of polymerisation and the 
polymerisation was run for 15 hours. The mass of ethylene/co-undecylenyl alcohol 
copolymer recovered was 0.8 g. The polymer was analysed by NMR spectroscopy which 
5 determined 1 .9 nonanol branches per 1 000 carbons. 
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CLAIMS: 

1 Process for the polarisation and copolymerisation of olefins, comprising 
conta Ctlng the mo no mer ic o,ef,n under P o. yme risation conditions with a polymerisation 
catalyst or catalyst system which comprises 

(a) a source of a Group VIII metal; 

(b) a bidentate phosphine ligand having the formula 

(R')(R')P - x - ,<> Wx where each R , is independemiy sdected from a 

or a substuuted phenyl gr0 up with the proviso that at least one of the R 1 groups is a 
Phenyl group having at least one ortho substituent, and X is a bridging group of the 

-[N] x -[P] y -[N]- where x and y are independently 0 or 1 or 

^CCRV where each R< may be the same or different ^ ^ ^ ^ 

hydrocarbyl, substituted hydrocarbyl or hetero-hydrocarbyl group; and 
optionally (c) a promoter. 

Process according to claim 1 which comprises the steps of 

a) preparing a prepolymer-based catalyst by contacting one or more 1-olefms with a 
catalyst system, and 

b) contacting the prepolymer-based catalyst with one or more 1 -olefins 
wherem the catalyst system is as defined above. 

3- Process according to claim I or 2 wherein the Group VIII metal is iron, cobalt 
nickel or palladium. 

4- Process according to any preceding Cairn wherein component (a) is an inorganic 
or orgamc salt, or an organometallic or coordination complex. 
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5. Process according to any preceding claim wherein component (b) is a compound 
of the formula (I) 

(R'XR 1 )? -(NR 2 ) X -(PR 3 ) y -NR 2 - P(R')(R') (J) 
wherein each R 1 is independently selected from a phenyl group or a substituted phenyl 
group with the proviso that at least one of the R 1 groups is a phenyl group having at least 
one ortho substituent, each R 2 is the same or different, and R 2 and R 3 are each 
independently hydrogen or a monovalent hydrocarbyl group, substituted hydrocarbyl 
group or hetero-hydrocarbyl group, and x and y are independently 0 or 1. 

6. Process according to claim 5 wherein R 2 and R 3 are each independently 
hydrogen, methyl, ethyl, isopropyl, n-butyl, t-butyl, n-hexyl, cyclohexyl, phenyl, tolyl, 
trifluoromethyl, methoxymethyl, anisyl, phenol, methoxy, phenoxy, dimethylamino, 
diethylamino, methyl phenoxy or methoxyphenoxy. 

7. Process according to claim 5 or 6 wherein x and y are both zero. 

8. Process according to any one of claims 1 to 4 wherein component (b) is a 
1 5 compound of formula (II): 

(R'XR^P-CCR'XR 4 )- P(R')(R') (n) 

where each R' is independently selected from a phenyl group or a substituted phenyl 

group with the proviso that at least one of the R' groups is a phenyl group having at least 

one ortho substituent, and each R 4 may be the same or different and is hydrogen or a 

monovalent hydrocarbyl, substituted hydrocarbyl or hetero-hydrocarbyl group. 

9. Process according to claim 8 wherein each R 4 is independently hydrogen or a C, 
to C 6 alkyl or aryl group, preferably methyl, ethyl or phenyl, or the R 4 groups are linked 
to form a cyclic structure. 

1 0. Process according to any preceding claim wherein each R 1 is independently 
selected from a phenyl group or a phenyl group substituted with halide, hydrocarbyl, 
substituted hydrocarbyl or heterohydrocarbyl with the proviso that at least one of the R 1 
groups is a phenyl group having at least one ortho substituent. 

1 1 Process according to claim 1 0 wherein each R 1 group is a substituted phenyl 
group having at least one halide, hydrocarbyl, substituted hydrocarbyl or 
30 heterohydrocarbyl substituent in the ortho position. 

12. Process according to claim 1 0 or 1 1 wherein each of the R 1 groups is a 
substituted phenyl group having at least one ortho hydrocarbyl, alkoxy, amido or 
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P^o ro „a,ed subs lilutem; preferably a mahyl , e thyl , is0 -p r op yl , , en . butyl , phenyl 

oT t ph r°* y ' dirae,hy,amid °' ^ 

or pe„,a fluoroph e„ yI substituent , or two adjace „, ^ 
UHj-umt so as to form part of a benzene ring 

5 L,,^ saccording,o ~^ 

(2-methyIphenyl)(phenyl)PN(methyl)P(phenyl) 2 
(2-methylphenyI) 2 PN(methyl)P(phenyI) 2 

(2-methylph e nyI)(p h enyOPN(methyI)P(2- m e t hylphenyl)(phenyI) 
3 (2-methyIphenyI) 2 PN( me thyI)P( 2 -methyIphenyI) 2 

(2-ethyl P henyl) 2 PN(methyl)P(2-ethy!phenyl) 2 

(2-isopropyl P henyI) 2 PN(n 1 ethyl)P(2-iso P ropyIphenyI) 2 

(2,3-di me thylphenyl) 2 PN( me thyI)P(2,3-di m ethylphenyl) 2 

(2 ) 4-di m ethylphenyl) 2 PN( m ethy!)P(2,4-dimethylphenyl) 2 

(2,6-dim e thyIphenyl) 2 PN( me thyl)P(2,6-dimethy]phenyI) 2 

(2,6-d, I sopropylpheny!) 2 PN( m ethyl)P(2,6-diisopropyIpheny]) 2 
(2,4,6-trimethylph e nyl) 2 PN( m eth y l)P(2,4,6-trimethylphenyl) 2 
(2-tertbuty! P henyI) 2 PN(methy!)P(2-tertbutylphenyl) 2 
(2- me tho X yphenyI) 2 PN( me thyl)P(2- m ethoxypheny|) 2 

(2-trifluoromethy 1 phenyl) 2 PN(methyl)P(2-trifluoro m ethylphenyl) 2 

(2-phenylphenyl) 2 PN(methyl)P(2-pheny!phenyI) 2 

( 1 -naphthyI) 2 PN(methyI)P( 1 -naphthyl) 2 

(U '-biphenyl^PNCmethyOPCl,! '-biphenyl) 2 

(2-i S opropylphenyl) 2 PN(butyl)P(2-isopr 0 pyI phe nyI) 2 

(2-i SOp ro P ylphenyl) 2 PN(phen y l)P(2-isopropyIphenyI) 2 

(2-isopropylphenyl) 2 PN(n 1 ethyl)N( m ethyl)P(2-isopropylphenyI) 2 
(2-isopropylphenyI) 2 PN(methyI)P 

(Ph)N(methyOP( 2 -isopropylphenyl) 2 

(2-methyIpheny|)(phenyI)PCH 2 P(phenyl) 2 
(2-methyIphenyl) 2 PCH 2 P(pheny]) 2 

(2-methyiphenyl)(pheny])PCH 2 P(2- m e t hylphenyl)(pheny]) 
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^ (2-methylphenyl) 2 PCH 2 P(2-methylphenyl) 2 

(2-ethylphenyl) 2 PCH 2 P(2-ethylphenyl) 2 

(2-isopropylphenyI) 2 PCH 2 P(2-isopropylphenyl) 2 

(2,3-dimethylphenyl) 2 PCH 2 P(2,3-dimethylphenyl) 2 
5 (2,4-dimethy!phenyl) 2 PCH 2 P(2,4-dimethy]phenyl) 2 

(2,6-dimethyIphenyl) 2 PCH 2 P(2,6-dimethylphenyl) 2 

(2-methyl-6-isopropylphenyl) 2 PCH 2 P(2-methy]-6-isopropyIphenyI) 2 

(2,6-diisopropylphenyl) 2 PCH 2 P(2,6-diisopropylphenyl) 2 

(2,4,6-trimethylphenyl) 2 PCH 2 P(2,4,6-trimethylphenyl) 2 
10 (2-tertbutylphenyI) 2 PCH 2 P(2-tertbuty]phenyl) 2 

(2-methoxyphenyl) 2 PCH 2 P(2-methoxyphenyl) 2 

(2-trifluoromethylphenyl) 2 PCH 2 P(2-trifluoromethylphenyl) 2 

(2-phenylphenyl) 2 PCH 2 P(2-phenylphenyl) 2 

( 1 -naphthyl) 2 PCH 2 P( 1 -naphthyl) 2 
15 (1,1 '-biphenyl) 2 PCH 2 P(l , 1 '-biphenyl) 2 

(2-isopropylphenyl) 2 PC(phenyl) 2 P(2-isopropylphenyl) 2 

(2-isopropylphenyl) 2 PC(methyl) 2 P(2-isopropylphenyl) 2 

14. Process according to any preceding claim wherein component (c) is an 
organoaluminium compound, organoboron compound, or a salt of a cationic oxidising 

20 agent and a non-coordinating compatible anion. 

15. Process according to any preceding claim wherein component (c) is an 
alumoxane. 

16. Process for the polymerisation and copolymerisation of olefins, comprising 
contacting the monomeric olefin under polymerisation conditions with a polymerisation 

25 catalyst or catalyst system which comprises 
(i) a compound of the formula (III) 

[(L) p (L 1 ) q M m (Q)](A n ) (n , pVn (III) 
and optionally (ii) a promoter, 

wherein M is a Group VIII metal in formal oxidation state m, each L is 
30 independently a monoanionic group or ligand; L 1 is independently a neutral group or 

ligand; each A is independently a weakly coordinating or non-coordinating anion with a 
formal negative charge of n; p may have any value between 0 and m, q is an integer 
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between 0 and 4; and Q is a bidentate phosphine ligand as defined in claim 1 or any of 
claims 5 to 13. 

17. Process according to claim 16 wherein L is halide, acetate, acetyl acetonate, 
alkyl, heteroalkyl, allyl, or hydride; and/or L 1 is an olefin, carbon monoxide, a phosphine 

5 or a solvent molecule; and/or A is BF 4 \ SbF 6 \ PF 6 \ triflate, aryl or alkyl borate, sulfate 
or phosphate, and/or n = 1 . 

18. Process according to claim 16 or 17 wherein M is nickel, and the values of p, q 
and m are p = 0, q = 2 and m = 0; p = 1, q = 1 and m = 2; p - 2, q = 0 and m = 2; or p = 
0, q = 2 and m = 2. 

10 19. Process according to any preceding claim wherein the olefin is ethylene, 

propylene, 1-butene, 1-pentene, 1-hexene, 4-methylpentene-l , 1-heptene, 1-octene, 1- 
nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, 
1-hexadecene, 1-heptadecene, 1-octadecene, 1 -nonadecene, 1-eicosene, styrene, 2- 
butene, cyclohexene, norbornene, butadiene, 1,5-hexadiene, methyl methacrylate, methyl 

15 acrylate, butyl acrylate, acrylonitrile, vinyl acetate, 2-vinyl-l,3-dioxoIane, methyl 3- 

butenoate, methyl 4-pentenoate, to-undecylenyl alcohol, ethyl undecylenate, undecylenoic 
acid, and functionalised norbornenes. 

20. Process according to any preceding claim wherein the catalyst or catalyst system 
is supported on a support material which comprises silica, alumina, MgCl 2 , zirconia, 

20 polyethylene, polypropylene, polystyrene, or poly(aminostyrene). 

21. Process according to any preceding claim which is conducted in gas phase, slurry 
phase, bulk phase or solution phase. 

22. Use of a catalyst or catalyst system as defined in any of claims 1 to 20 in the 
polymerisation of 1 -olefins. 

25 23. A compound of formula (IV): 

[(R^CR^P-X.PCR^CR^jNi^LML'^A)^ (IV) 

wherein each R 1 is independently selected from a phenyl'group or a substituted phenyl 
group, with the proviso that at least one of the R 1 groups is a phenyl group having at 
least one ortho substituent; X is a bridging group of the structure 
30 -N(R 2 ) where R 2 is a hydrogen or hydrocarbyl group, or -C(R 4 ) 2 - where each R 4 may be 
the same or different and is hydrogen or a hydrocarbyl group; m is the formal oxidation 
state of nickel; each L is independently a monoanionic group or ligand; each L 1 is 
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independently a neutral group or ligand; each A is independently a weakly coordinating 
or non-coordinating anion; p is any integer between 0 and m, and q is an integer between 
0 and 4. 

24. A compound as claimed in claim 23 wherein m=p=0 and q=2; m=p=2 and q=0; or 
5 m=2, p=l and q=l. 

25. A compound as claimed in claims 23 or 24 wherein L is halide, acetate, acetyl 
acetonate, alkyl, heteroalkyl, ally], or hydride; L 1 is an olefin, carbon monoxide, a 
phosphine or a solvent molecule; A is BF 4 \ SbF 6 \ PF 6 \ triflate, aryl or alkyl borate. 

26. A compound as claimed in claims 23 to 25 wherein each R 1 group is a substituted 
10 phenyl group having at least one ortho halide, hydrocarbyl, substituted hydrocarbyl or 

heterohydrocarbyl substituent. 
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